Endocrine therapy and radiotherapy are the main treatments for luminal A breast cancer. However, drug and radiotherapy resistance could occur during long-term treatment, leading to local recurrence and distant metastasis. Some studies have found that drug resistance might be related to human epidermal growth factor receptor-3 (HER3) overexpression. However, whether HER3 plays a role in radiotherapy resistance is unknown. The purpose of this study is to elucidate the effect of HER3 in radiotherapy and to assess whether HER3 could be a potential target for radiosensitivity. We used retroviruses to construct stable low expression of HER3 in MCF-7 and ZR75-1cells. The CCK-8 assay was used to observe proliferation. Colony-forming assay was used to detect radiosensitivity. Flow cytometry was used to observe the cell cycle and apoptosis. Immunofluorescence assay was used to detect the number of γH2AX foci in the nucleus with or without ionizing radiation (IR). Western blot analysis was used to verify the change of relative proteins. Nude mice were used to observe tumor growth in vivo. In our study, silencing HER3 reduced cell proliferation and clone formation ability after IR, so silencing HER3 increased the sensitivity of luminal A breast cancer cells to radiotherapy. In terms of radiosensitivity mechanisms, it is suggested that the silencing of HER3 enhanced IR-induced DNA damage, reduced DNA repair, and increased apoptosis and G 2 /M arrest. In addition, silencing HER3 combined with IR clearly inhibited the transplanted tumor growth in vivo.
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Therefore, we concluded that HER3 played a role in radiotherapy resistance. Silencing HER3 increased the radiosensitivity of luminal A breast cancer cells and HER3 could be a potential target for radiosensitivity.
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| INTRODUC TI ON
The 13th St. Gallen International Breast Cancer Conference (2013) reached a new consensus on the molecular subtypes of breast cancer. Among them, the luminal A molecular phenotype is estrogen receptor-positive, progesterone receptor-positive, human epidermal growth factor receptor-2 (HER2)-negative, and Ki-67 <20%. The consensus also points out that luminal A breast cancer is sensitive to endocrine therapy and radiotherapy (RT) is necessary for mastectomy and breast-conserving therapy. 
| MATERIAL S AND ME THODS

| Cell culture and irradiated methods
Human breast cancer cell lines MCF-7 and ZR75-1 were provided by the Shanghai Institute of Cell Biology (Shanghai, China) and cultured in DMEM. All culture media were supplemented with 10% FBS, 100 units/mL penicillin, and 100 μg/mL streptomycin. Both cell lines grew at 37°C in a humidified atmosphere containing 5% CO 2 . Cells in the IR groups were subjected to 2, 4, 6, or 8 Gy X-ray irradiation from a medical linear accelerator (Precise accelerator, Elekta, Sweden) at room temperature. 
| Small interfering
| Western blot analysis
Cells were lysed in RIPA buffer supplemented with protease and phosphatase inhibitors (Kaygen, Nanjing, Jiangsu Province, China). 
| Cell viability assay
| Clonogenic survival assay
Cells were seeded in 6-well plates. After overnight culture, cells
were then irradiated with 6 MV X-rays at doses of 2, 4, 6 and 8 Gy at room temperature. The cells were then cultured in a 5%
CO 2 incubator at 37°C for 10 to 14 days. The colonies were fixed and stained with crystal violet to count the number of colonies (>50 cells/colony).
| Flow cytometry analysis
Cells were seeded at a concentration of 2 × 10 5 cells/well in 6-well plates. After incubation for 24 hours, the cells were exposed to 8 Gy X-rays. After 24 hours, an FITC Annexin V Apoptosis Detection Kit (BD Biosciences, Oxford, UK) was used to detect the apoptotic cells and PI/RNase Staining Buffer (BD Biosciences) was used to detect cell cycle by flow cytometry.
| Immunofluorescence assay
Cells were seeded a concentration of 5 × 10 4 into confocal laser small dishes and harvested at 0.5, 1, 6, 24 hours post IR. Cells were subsequently fixed in 4% paraformaldehyde at room temperature for 30 minutes and permeabilized in 0.1% Triton X-100 (Sigma, Santa Clara, CA, USA) for 15 minutes. The cells were then blocked with 5% BSA (Gibco, NY, USA) for 1 hour and incubated with primary antibody γH2AX (1 μg/mL; Abcam, Cambridge, Cambridgeshire, UK) overnight at 4°C. Cells were washed in TBST 3 times every 5 minutes before incubating with a secondary Ab (Beyotime Biotechnology) for 1 hour. Cells were treated with 2 μg/mL DAPI (Beyotime Biotechnology) for 5 minutes and then visualized using confocal fluorescence microscopy (Leica, Frankfurt, Germany).
| Xenograft mouse model
Female BALB/c nude mice (5-6 weeks of age) were purchased from the Nanjing Medical University Animal Centre (Nanjing, China). The mice were randomly assigned to 4 groups (n = 6): ( 
| Data analysis
Mean ± SD from triplicate assays were calculated and the differences between treatment groups were determined using F I G U R E 2 Silencing human epidermal growth factor receptor-3 (HER3) increases ionizing radiation (IR)-induced DNA damage and reduces DNA repair. A,B, DNA damage was revealed by immunofluorescence detection of γH2AX foci with or without 6 Gy IR for different times (0.5, 1, 6, and 24 hours) in MCF-7 and ZR75-1 cells. *P < .05, **P < .01. C,D, γH2AX and poly (ADP-ribose) polymerase (PARP) proteins were detected after 24 hours of IR by western blot. GAPDH was an internal reference t tests, one-way ANOVA, and two-way ANOVA. Statistical analysis was carried out by using GraphPad Prism 5.0 (GraphPad SoftWare, San Diego, Ca, USA) and a P value <0.05 was considered statistically significant (*P < .05, **P < .01).
| RE SULTS
| Silencing HER3 reduces cell proliferation and increases radiosensitivity
First, we silenced HER3 protein with three siRNAs. As shown in Figure 1A , we have chosen the best 1305 sequences in the following experiments. We developed MCF-7 and ZR75-1 cells with low expression of HER3 by shRNA ( Figure 1B ). Then we validated the cell proliferation using the CCK-8 assay and cell survival fraction by clone formation assay in control groups and silenced HER3 groups.
Experimental results showed that the proliferation rate significantly reduced in HER3 knockdown cells with the extension of cell culture time (P < .05) ( Figure 1C ). The clone formation assay for cell survival fraction analysis showed that silencing HER3 resulted in weakened clonal formation ability compared with controls ( Figure 1D ). 
| Silencing HER3 increases IR-induced DNA damage and reduces DNA repair
In order to explore whether silencing HER3 could regulate IR-induced DNA damage and repair, we used immunofluorescence to detect the number of γ-H2AX foci after IR at different times. The average number of γH2AX foci per cell was calculated as a marker, which was thought to reflect the degree of DNA damage and repair. [14] [15] [16] [17] The increased number of γH2AX foci means an increase of DNA damage, and the disappearance of γH2AX foci means the completion of DNA repair. [18] [19] [20] As we expected, silencing HER3 increased the number of γ-H2AX foci in the nucleus without IR. After 6 Gy IR, the number of γH2AX foci in both groups peaked at 30 minutes, and in the silenced HER3 group, the number increased significantly compared to the control group. Next, we continued to observe the number of disappeared γH2AX foci at 1 hour, 6 hours, and 24 hours after IR. Our study showed that, as time progressed, the number of disappeared γH2AX
foci in the control group was higher compared with the silenced HER3 group at the same time point (P < .05) (Figure 2A,B) . Furthermore, we verified related proteins, such as γH2AX and PARP. Poly (ADP-ribose)
polymerase rapidly recognizes and binds to DNA breaks to facilitate DNA repair. 21 Our results showed that, after silencing HER3 with IR, the expression of γH2AX was clearly increased compared with 
| Silencing HER3 prolongs IR-induced G 2 /M arrest
Sensitivity to IR is different in different cell cycles. The G 2 /M phase is the most radiosensitive. 22 We used flow cytometry analysis to clarify the cell cycle progression. We found that IR blocked cells in the G 2 /M phase after 24 hours and the result was the same as silencing HER3 alone (P < .05) ( Figure 3A ,B, Table S1 ). Silencing HER3 with IR could significantly increase the proportion of the G 2 /M period compared with single treatment (P < .05) ( Figure 3A ,B, Table S1 ).
It was determined that silencing HER3 increased IR-induced G 2 /M arrest. Therefore, we could have inferred that silencing HER3 increased radiosensitivity by inducing G 2 /M arrest.
| Silencing HER3 increases IR-induced apoptosis
To further illustrate the role of silencing HER3 and IR in apoptosis, we evaluated apoptosis by flow cytometry and western blot analyses. The total apoptosis rate, including early and late apoptosis populations, was calculated. In our research, IR alone-induced apoptosis did not increase significantly (P > .05); however, silencing of HER3 combined with IR can significantly increase the rate of apoptosis in MCF-7 cells (P < .05) ( Figure 4A ,B, Table S2 ). By contrast, in ZR75-1 cells, IR alone-induced apoptosis increased (P < .05), when combined with silenced HER3, the rate of apoptosis further increased (P < .05) ( Figure 4A,B) . To further validate silencing alone ( Figure 4C ).
| Silencing HER3 inhibits tumor growth in breast cancer xenograft nude mice
As shown in Figure 5 , the combination of HER3 silencing and IR significantly decreased tumor growth. Tumor volume increased at a much slower rate in nude mice in the sh-HER3 and IR group compared with the control group (P < .05) ( Figure 5B 
| D ISCUSS I ON
Radiotherapy is a primary treatment for local control of breast cancer, and many patients who receive RT have excellent long-term outcomes. However, different molecular subsets of patients with breast cancer experience different recurrence rates following RT.
More than 20%-40% of 5-year locoregional recurrence rates have been reported following treatment with RT. One approach to improving the efficacy of RT for breast cancer patients is to improve the radiosensitivity. 23, 24 Radiosensitivity of tumor cells largely depends on their ability to repair IR-induced DNA damage. 25 The phosphorylated form of H2AX (γH2AX) is recognized as a histone involved in the event of DNA damage, and there is a one-to-one relationship between the numbers of γH2AX foci with DNA breaks caused by IR. γH2AX has been well used as a marker of DNA double-strand breaks. 26 Poly (ADP-ribose) polymerase is a target for RT. It binds to DNA breaks rapidly leading to DNA repair and some PARP inhibitions have shown sensitivity to RT in vitro. 27, 28 We have found that silencing HER3 increased IR-induced DNA damage and reduced DNA repair. In response to DNA damage, the cell cycle checkpoint is activated and cell cycle progression is arrested, thereby allowing time to repair DNA breaks before they are passed on to the next generation. 29, 30 Our study also found that silencing HER3 prolonged IR-induced G 2 /M arrest, and we obtained the same conclusion from a previous study. 28 Studies have shown that PARP activation is related to the EGFR-ERK signaling pathway and IR-induced G 2 /M arrest is associated with ERK1/2 activation. 28, 31 Interestingly, HER3 could form heterodimers with other members of the EGFR family, such as EGFR and HER2, activating the MAPK/ERK signaling pathway. 32, 33 This provided the basis for our further study. Therefore, in the next study we need to find the key molecules that HER3 uses to regulate DNA damage and repair and G 2 /M arrest.
Previous studies have shown that activation of HER3 signaling enhanced cell proliferation, 29 and we obtained the same experimental result in luminal A breast cancer cells. Human epidermal growth factor receptor-3 binds to PI3K and activates downstream AKT, causing a series of responses, including anti-apoptotic effects. 34, 35 Evidence indicates that the rate of IR-induced apoptosis closely correlates with the double-strand breaks. 36 Our study found that silencing HER3
with IR inhibited the activation of the PI3K/AKT pathway to inhibit apoptosis. It was a relatively clear pathway in our experiment.
Using a xenograft nude mouse model, we showed that silencing HER3 with IR enhanced the radiosensitivity of luminal A breast cancer cells in vivo. The combination of HER3 silencing and IR notably suppressed tumor weight compared with the other treatment groups.
In conclusion, we found that silencing HER3 enhanced the radiosensitivity of luminal A breast cancer cells in vitro and in vivo. The mechanisms of radiosensitization might be aggravating DNA damage, weakening DNA repair, and inducing G 2 /M arrest and apoptosis.
Human epidermal growth factor receptor-3 is a potential molecular target of radiosensitization. 
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